Introduction: Acromegaly is a rare, chronic, disfiguring, and debilitating disease caused, in 90% of
group included patients who had normal serum IGF-1 and/or normal serum hGH levels or normal hGH nadir levels after OGTT during longacting somatostatin analogue, bromocriptine, or pegvisomant therapy, or patients who underwent successful hypophysectomy (n 5 8). Mean hGH level in this group was 1.67 6 1.68 ng/mL; mean IGF-1 serum level was 181 6 113 ng/mL; mean serum levels of nadir hGH after OGTT was 1.98 6 2.28 ng/mL; and mean IGF-1 index was 0.76 6 0.49 ng/mL. None of the acromegalic patients had history of chest pain or myocardial infarction, but coronary angiography was not performed to rule out coronary artery disease.
The control group consisted of 18 age-and gender-matched healthy individuals (mean age: 54.8 6 6.9 years, 8 men). Both the acromegaly and the control group successfully underwent transthoracic 2-dimensional (2D) Doppler echocardiography and 3DSTE. The institution's human research committee approved the study, which also complied with the ethical guidelines set by the 1975 Declaration of Helsinki. All patients gave informed consent. The present study was a part of the MAGYAR-Path Study (Motion Analysis of the heart and Great vessels bY three-dimension Al speckle-tRacking echocardiography in Pathological cases), which aimed to examine pathophysiological consequences of different pathological states on myocardial mechanics among others ("magyar" means "Hungarian" in the Hungarian language).
Control subjects were randomly selected from the MAGYAR-Healthy Study. Hundreds of healthy control subjects were involved on a voluntary basis in this study at our center to validate 3DSTE-derived parameters, to examine their clinical, diagnostic, and prognostic value, and to compare them to other known echocardiographic parameters.
| 2D echocardiography
Transthoracic 2D imaging and measurements were carried out by experienced operators (P.D., A.K.) using a Toshiba Artida imaging system (Toshiba Medical Systems, Tokyo, Japan) and a PST-30SBP (1-5 MHz) phased-array transducer. In all cases, complete 2D Doppler study was performed followed by the measurement of LV dimensions, volumes and ejection fraction, and left atrial (LA) dimensions according to current clinical standards. 14 Visual assessment was used for the evaluation of valve regurgitations.
| 3DSTE measurements
3DSTE measurements were carried out using the same echocardiography system with PST-25SX matrix-array transducer (Toshiba Medical Systems). To obtain full-volume 3D datasets, 6 wedge-shaped subvolumes, acquired during a single breath-hold and constant RR interval from the apical window, were combined. For better spatial resolution, thus improved border delineation, sector width was chosen to be as narrow as possible. Offline image analysis was performed using 3D Wall Motion Tracking software version 2.7 (Toshiba Medical Systems). From the pyramidal 3D echocardiography datasets, the software automatically selected the apical 2-chamber and 4-chamber views and 3 short-axis views at end-diastole. To standardize the 3 short-axis views across all measurements, we used the additional guide planes provided by the software: at end-diastole, the bottom and the top guide planes were placed just above the mitral plane and the very apex of the heart, respectively. This way, all 3 short-axis views fell to the same part of the LV in every case. Measurements were made during a complete heart cycle.
LV rotational and twist parameters:
LV basal (defined as the degree of clockwise rotation of LV basal myocardial segments) and apical rotation (defined as the degree of counterclockwise rotation of LV apical myocardial segments). LV time-to-peak rotational parameters:
Time to peak degree of LV basal and apical rotation from the start of the heart cycle.
Time to peak degree of LW twist from the start of the heart cycle.
In the case of LV-RBR-like movement, proper LV twist data could not be gathered due to the very different pattern of LV basal and apical rotation ( Figure 2) ; therefore, apico-basal gradient was calculated as end-systolic LV apical minus LV basal rotation.
| Statistical analysis
All data are reported as mean 6 standard deviation. 
| RE S U L TS

| Demographic data of acromegalic patients
In 4 acromegalic patients, 3DSTE showed signs of LV-RBR-like movement, and their data were analyzed separately from those of the other patients. Between the control population and the remaining 16 acromegalic patients without LV-RBR-like movement, there were significantly more patients with hypertension (P < .001), diabetes mellitus (P 5 .04), and hypercholesterolemia (P 5 .002). We got the same results between active acromegaly patients and controls (P < .001, P 5 .01, P 5 .01, respectively). Between inactive acromegaly patients and the healthy control population, only the number of patients with hypertension (P 5 0.001) and hypercholesterolemia (P 5 .01) was significantly different. There were no significant differences between the active and inactive acromegaly subgroups regarding demographic data (Table 1) . Table 1 .
| 2D echocardiographic data
We found significant differences in LA diameter (P 5 .003), LV enddiastolic diameter (P 5 .001), LV-end-diastolic volume (P < .001), and early filling transmitral flow velocity (E) (P 5 .03) between all acromegalic patients without LV-RBR and controls. Between controls and active and inactive acromegaly patients without LV-RBR subgroups, LA diameter (P 5 .02 and P 5 .02, respectively), LV-end-diastolic diameter (P < .001
and P 5 .04, respectively) and LV-end-diastolic volume (P < .001 and P 5 .01, respectively) differed significantly. No significant differences could be demonstrated between active and inactive subgroups regarding 2D echocardiographic variables (Table 1) . None of the subjects examined showed grade 3 to 4 mitral or tricuspid regurgitation.
| 3DSTE-derived LV rotation and twist
Between all acromegalic patients without LV-RBR-like movement and controls, both LV basal and apical rotation and LV twist differed significantly (P 5 .0037, .0012, <.001, respectively). Between active and inactive acromegaly subgroups, only the time-to-peak LV twist showed significant difference (P 5 .005). Between active acromegalics without LV-RBR-like movement and controls, LV basal (P 5 .003) and apical rotations (P 5 .02) and LV twist (P 5 .003) differed significantly.
Between inactive acromegaly patients without LV-RBR-like movement and controls, LV apical rotation (P 5 .001), LV twist (P 5 .002), and time-to-peak LV twist (P 5 .04) differed significantly ( Table 2 ).
| Acromegaly patients with LV-RBR-like movement
As mentioned before, 4 out of 20 acromegalic patients showed LV-RBR-like movements demonstrating apical and basal LV rotations in the same direction. Demographic and 2D echocardiographic data of these patients are shown in Table 1 . Among these 4 patients, 2 were active acromegaly patients, and 3 had had hypophysectomy. There were no significant differences between acromegalic patients with LV-RBR-like movement and other patient subgroups as for demographic and 2D echocardiography parameters. (Table 2 ).
| D I SCUSSION
Acromegaly is a chronic, endocrine disorder with major cardiovascular comorbidity. Most prominent is hypertension, which occurs in almost 90% of acromegaly cases. The underlying pathophysiology is not clearly understood. Elevated serum GH levels and consequent plasma volume expansion, increased peripheral vascular resistance, and the hormone's antinatriuretic effect may be involved. Systemic hypertension is not related to age or gender in acromegaly. 15 Increased peripheral circulatory resistance and hypertension entail increased cardiac workload. [15] [16] [17] Furthermore, acromegaly causes a specific type of cardiomyopathy, in which findings are concordant with the above described clinical and pathophysiological features regarding the special cardiomyopathy associated with acromegaly.
The present study was affected by several limiting factors. The most important was the relatively small number of patients involved, although acromegaly is a relatively rare disorder. We did not examine the effects of the drugs used with acromegaly patients. We did not take into account the elapsed time after the diagnosis and treatment and for how long the elevated serum GH levels may have been present.
Our study was aimed to examine only LV rotational parameters, although 3DSTE also allows simultaneous assessment of LV volumetric data and strain parameters. Moreover, calculation of volumetric and functional features of left and right atrium is also possible by this methodology. 3DSTE itself suffers from several technical limitations, the most important being its inferior spatial and temporal resolution compared with standard 2D echocardiography. For proper speckle tracking, only images where the entire LV wall is visible thorough the cardiac cycle can be used. Also, because the full 3D volume datasets are obtained through 6 RR intervals, there may be a "stitching noise"
between individual subvolumes. 29 Previously, a comparison study revealed that the deformation data showed some level of vendordependency. 30 In summary, acromegaly is associated with impaired LV rotation and twist as assessed by 3DSTE. LV-RBR is a frequent phenomenon in acromegaly.
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